The effect of hemoglobin and its metabolites on energy metabolism in cultured cerebrovascular smooth-muscle cells.
Cerebral arteries in spasm have been found to contain low levels of adenosine triphosphate (ATP), and it has been postulated that this change in levels results from hypoxia produced by arterial encasement in clotted material. This study was undertaken to determine whether any of four blood-derived agents, ferrous hemoglobin, methemoglobin, hemin, or bilirubin, is capable of reducing energy levels in cerebral artery smooth-muscle cells. Twenty-four-hour exposure of cultured canine basilar artery cells to ferrous hemoglobin and bilirubin led to a significant decline in ATP levels (to 8.9 nmol/mg protein and 2.8 nmol/mg protein, respectively) versus control (16.6 nmol/mg protein); methemoglobin and hemin showed no effect. Bilirubin but not hemoglobin was found to interfere with electron transport and with creatine phosphokinase activity in intact cells; however, bilirubin showed no inhibitory effect on this enzyme in cell-free conditions. The findings indicate that hemoglobin and bilirubin may be responsible for diminished energy levels in cerebral arteries. These observations also suggest that bilirubin may exert its effect on ATP by impairing mitochondrial function.